We perform a thorough analysis of the parameter space of the minimal leftright supersymmetric model in agreement with the LHC data. The model contains left-and right-handed fermionic doublets, two Higgs bidoublets, two Higgs triplet representations, and one singlet, insuring a charge-conserving vacuum. We impose the condition that the model complies with the experimental constraints on supersymmetric particles masses and on the doubly-charged Higgs bosons, and require that the parameter space of the model satisfy the LHC data on neutral Higgs signal strengths at 2σ. We choose benchmark scenarios by fixing some basic parameters and scanning over the rest. The LSP in our scenarios is always the lightest neutralino. We find that the signals for H → γγ and H → V V are correlated, while H → bb is anti-correlated with all the other decay modes, and also that the contribution from singly-charged scalars dominate that of the doublycharged scalars in H → γγ and H → Zγ loops, contrary to Type-II seesaw models. We also illustrate the range for mass spectrum of the LRSUSY model in light of planned measurements of the branching ratio of H → γγ to 10% level.
Introduction
The discovery of the Higgs boson at the LHC [1, 2] highlighted the importance of the search for signs for Beyond the Standard Model (BSM) in the Higgs boson decay or production modes. While the amount of data at LHC with √ s = 7 and 8 TeV is still rather limited, if combined with the measured Higgs mass, it seems to fit very well the Standard Model (SM) predictions and thus it allows one to restrict the parameter space of many BSM models. In the SM, the Higgs signal rates (cross section times branching ratios) are completely fixed by the Higgs mass. Precise predictions for decays into various channels can be combined with the experimental data to define a signal strength for each decay µ i , normalized such that the SM corresponds to µ i = 1. The mass of the Higgs boson is measured using the decay modes with clear mass peaks, H → ZZ * → 4 and H → γγ [3, 4] . Other decay modes of Higgs into W W * , bb, and τ + τ − has been measured both by CMS and ATLAS [1, 2] . For recent updates in these channels we refer to [5] [6] [7] .
There are two ways in which a non-minimal BSM Higgs sector could be revealed experimentally: either directly through the discovery of additional scalar states, or through precise measurements of the Higgs properties, that would indicate deviations from the SM predictions for the scalar state discovered at 126 GeV. At present, the only measurement in the Higgs sector, which, within the accuracy of measurement, seems to possibly differ from the SM prediction, is the di-photon mode as measured by the ATLAS [5] and CMS [6, 7] It is our aim in this paper to study the Higgs sector, in particular the relationship between the mass parameters, supersymmetric spectrum and Higgs decay widths of the model. Our aim is two-fold: to show that the model can allow an enhancement of the Higgs branching ratio into two photons, and at the same time agree with the limits on other decay modes. Our second goal is, based on the analysis of the Higgs sector, to restrict and/or make some general predictions about the parameter space of LRSUSY models. Our work is organized as follows. After reviewing in Sec. 2 the parts of the model relevant for our purposes, we study the spectrum of the model in Sec. 3. In Sec. 4 we study the rare decay modes H → γγ, Zγ to see if the corresponding branching ratios differ from the SM. In Sec. 5 we consider the restriction to the parameter space, and finally we conclude in Sec. 6.
The Higgs sector of the left-right supersymmetric model
Left-right supersymmetric models are based on enlarging the SM symmetry to the SU (3) c ⊗ SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group [26] [27] [28] .
The chiral (matter) sector of the theory contains left-handed (Q L and L L ) and righthanded (Q R and L R ) doublets of quark and lepton supermultiplets,
where the i is a generation index, c denotes charge conjugation, and, for simplicity, we have suppressed color indices. The gauge sector of the theory includes gauge and gaugino fields, corresponding to the four gauge groups: The SU (3) c ⊗ SU (2) L ⊗ SU (2) R ⊗ U (1) B−L gauge group is broken down to the Standard Model gauge group via a set of two SU (2) R Higgs triplets ∆ c and∆ c , which are evenly charged under the B − L gauge symmetry 1 . Often, in non-minimal models, extra SU (2) L Higgs triplets ∆ and∆ are introduced to preserve parity at higher scales. Unfortunately, with the triplet representation, the minimum of the scalar potential is charge-violating, unless the right-chiral scalar neutrinos get vacuum expectation values (vevs), breaking Rparity spontaneously [42, 43] .
Three scenarios have been proposed which remedy this situation. First, to avoid Rparity violation, in Refs. [44, 45] non-renormalizable operators are introduced at Planck scale, which shift the minimum of the potential. Second, in Refs. [46, 47] , an additional singlet chiral supermultiplet (S) is added to the field content of the model, leading, after including one-loop Coleman-Weinberg corrections, to an R-parity conserving minimum of the scalar potential. And third, in Refs. [48, 49] , two extra Higgs triplets Σ 1 = (1, 3, 1, 0) and Σ 2 = (1, 1, 3, 0) are included, yielding symmetry breaking with conserved R-parity at tree-level. In this work we adopt the second approach as the minimal solution. The breaking of the SU (2) L ⊗ U (1) Y symmetry to U (1) EM is achieved with two SU (2) L ⊗ SU (2) R Higgs bidoublets Φ 1 and Φ 2 which also generate non-trivial quark mixing angles [50] . The field content of the Higgs sector is thus summarized as
where i is a generation index,
, and f are 3 × 3 matrix Yukawa couplings. The full scalar potential of the model, which is minimized to obtain the masses and composition of the Higgs bosons, is given by
The gauge symmetry is spontaneously broken in two steps. First the SU (2) R ⊗ U (1) B−L gauge group is broken to the SM gauge group, which is subsequently broken to the electromagnetic group U (1) EM by the vacuum expectation values (VEVs) of the neutral components of the Higgs fields , and is constrained to be small by K 0 −K 0 mixing data, this forces the angles to be very small. As the number of degrees of freedom remains large, we assume the hierarchy
The minimization of the scalar potential yields an R-parity violating, or a charge violating, vacuum. The simplest and most efficient way to avoid either is to introduce one-loop Coleman-Weinberg effective potential terms, generated by right-chiral leptons coupling to the ∆ c field:
Expanding this potential in the limit in which the SUSY breaking parameters are small with respect to the triplet VEVs (v R ,v R ), one obtains an effective form of the potential in terms of the small parameter:
To lowest order in x, the effective quadratic term in the one-loop potential becomes:
Here a 1 and a 2 correction terms which vanish in the SUSY limit (when D-terms vanish) and (Ml) R are soft right-handed scalar lepton masses. Before introducing the one-loop corrections, the global minimum contained at least one doubly-charged Higgs boson with zero or negative mass, but after one-loop corrections all the masses are positive and the masses become very predictive. The Higgs boson spectrum of this model was previously analyzed in [47] , which included constraints from FCNC processes from
Here we re-evaluate the masses and mixings to account for the lightest CP-even Higgs boson with a mass of ∼ 125 GeV, and to obey restrictions on the spectrum arising from recent constraints on the other Higgs boson masses. We review these below.
For the doubly charged Higgs bosons, the most up-to-date mass bounds have been obtained through the direct searches at the LHC. The ATLAS Collaboration has looked for doubly charged Higgs bosons in pair production of same sign di-lepton final states. Based on the data sample corresponding to an integrated luminosity of 4.7 fb −1 at √ s = 7 TeV, masses below 409 GeV, 375 GeV and 398 GeV have been excluded for e ± e ± , e ± µ ± and µ ± µ ± , respectively, assuming a branching ratio of 100% for each final state [51] . The CMS Collaboration also searched for the pair production pp → H ±± H ∓∓ and for the associated production pp → H ±± H ∓ , in which the masses of H ±± and H ∓ are assumed to be degenerate. Using three or more isolated charged lepton final states, the lower limit on M H ±± was found to be between 204 and 459 GeV in the 100% branching fraction scenarios. Specifically, for e ± e ± , e ± µ ± , e ± τ ± , µ ± µ ± , µ ± τ ± , and τ ± τ ± , the 90 % C.L. limits obtained are 444 GeV, 453 GeV, 373 GeV, 459 GeV, 375 GeV, and 204 GeV respectively [52] . In our work we assume that the decay H ±± → τ ± τ ± dominates, while the others are negligible, allowing the lower limit of the doubly charged Higgs boson mass to be consistent with LHC searches.
In LRSUSY the tree-level contribution for the lightest CP-even scalar mass is given by
. Since we do not include left-handed triplets, we can treat g R as a free parameter. If we assume g R = g L (at the electroweak scale) the tree-level mass bound is lifted to 113 GeV, so the radiative corrections needed for a 125 GeV Higgs are much smaller than in the MSSM. The tree-level mass bound has an effect on the allowed range of tan β. The radiative corrections depend mostly on stop and sbottom masses. If we fix the third generation squark masses, there will be a lower bound on the value of tan β. For the squark masses in our scans the allowed range is tan β > 6. If the squarks are assumed to be heavier, the bound on tan β will become weaker. We show three benchmark points for the parameters of the LRSUSY model. We fix gaugino masses, the singlet VEV, the neutrino Yukawa coupling, the doubly charged and pseudoscalar Higgs masses as shown in Table 1 . The last five parameters mentioned are the same for all benchmarks.
Fixed
As we wish to study the two-photon decay channel, which is influenced by all charged particles, the benchmark scenarios are designed to make some of the charged particles light. The doubly charged Higgs is light in all benchmarks. In BP2 we have light charginos and in BP3 we have light staus.
In Table 2 , we show the parameters on which the scanning is done. Note that the BP1 and BP3 benchmarks have the same gaugino masses, but are differentiated by running over different soft right-handed slepton masses (heavier in BP1, lighter in BP3 benchmarks).
The , the soft mass for the right-handed sleptons (Ml) R , and the triplet Higgs Yukawa coupling, f . We show these variations in the plots in Fig. 1 . We note that no masses for the doubly charged Higgs boson are obtained if tan δ increases beyond 0.983. The values of tan δ are restricted by the experimental bounds for the lightest CP-odd scalar and the charged Higgs masses, as shown in Fig. 2 . If the limit on these masses is relaxed, points satisfying the doubly charged mass limit can be obtained with tan δ values close to one. The scans are performed in the range 0.93 < tan δ < 0.99. At the lower end it becomes more difficult to satisfy the bound on the Table 2 . We show the variation with tan δ, the soft mass for the right-handed m L R , and the triplet Higgs Yukawa coupling, f . doubly charged Higgs mass. This is due to the fact that the diagonal elements of the doubly charged Higgs mass matrix have terms ±2g 2 R (v 2 R −v 2 R ) [47] . Hence if tan δ deviates largely from one, one of these values will become increasingly negative and hence larger radiative corrections are needed to satisfy the bound on the doubly charged Higgs mass. With the range we use for v R , the doubly charged Higgs mass constraint requires tan δ > 0.9 and there are very few points which survive the 200 GeV constraint in the lower end of the range. On the other hand it is not possible to have smaller values of v R since that would result in a too low a W R mass.
The doubly charged Higgs mass depends on the soft right-handed slepton mass, as in Eq. 2.8, since this parameter determines the amount of supersymmetry breaking in the τ −τ loops. However, masses in the 200-300 GeV region are obtained for all values (Ml) R in the 1-1.5 TeV region; while heavier masses are more likely for heavier slepton masses. The most striking impact on the doubly charged Higgs mass comes from the parameter f , the Yukawa coupling for the triplet Higgs bosons, which is the coefficient of the term that gives radiative corrections from τ −τ loops to the doubly charged Higgs mass. While parameter points with f ∈ (0.4, 0.6) range exist, the experimental constraints on the doubly Table 3 .
The Supersymmetric Spectrum
First, we assume that squarks and gluinos are heavy, in agreement with the LHC limits. Direct searches for squarks and gluinos require their soft mass terms to be at least at TeV scale. Squark masses below 780 GeV and gluino masses of up to 1.1-1.2 TeV are excluded at 95% CL within several models, for LSP masses below 100 GeV at CMS [54] . The third generation squark masses need to be large also to generate the radiative corrections to the Higgs mass. In contrast, neutralinos [55] , charginos and sleptons [56] are still allowed to be lighter.
The mass spectrum of the lightest superpartners is largely determined by the soft supersymmetry breaking parameters. Since they are in principle unknown, there are for instance several viable alternatives for the LSP. The different options for dark matter in LRSUSY have been studied in [57, 58] .
Charginos
In this model there are five singly charged charginos, which can be given in the following 
The mass spectrum essentially depends on M 2L , M 2R , µ eff , v R and v R (or tan δ). The masses are close to these parameter values with corrections of few tens of GeV's.
The lightest chargino has a mass slightly below the soft gaugino masses and it is mostly a mixture of a bidoublet higgsino and a left-handed wino. One chargino is essentially a pure bidoublet higgsino with a mass |µ eff |. There is also a third sub-TeV chargino, which is also a combination of a bidoublet Higgsino and left-handed wino. The two heaviest charginos have masses of the order of v R , i.e. they are in the multi-TeV region. These are mostly composed of the right-handed wino and the singly charged δ c− (δ c+ ).
The lightest chargino can always decay viaχ
1 . The decay to W +χ0 2 is kinematically forbidden. In the case BP3 alsoτ ν and τν can be possible decay channels. Within the parameter regions the lighter stau could be lighter than the lightest neutralino. We discard such points.
The doubly charged higgsino has a mass |λv s / √ 2|, and therefore can be light and can have interesting collider signatures [28, 45, [59] [60] [61] [62] [63] . Since λ and v s are in principle unconstrained, the mass of the doubly charged higgsino can vary over a wide region. Since we assume that the doubly charged Higgs coupling to taus is large to ensure large radiative corrections to the doubly charged Higgs mass and also its decay to τ ± τ ± to dominate, the doubly charged higgsino will decay to τ ±τ ± unless that mode is kinematically forbidden. If the stau is heavy,χ ++ → H ++ 1χ 0 1 will be the dominant decay mode [64] . For our benchmarks v s ∼ TeV, and the doubly charged higgsinos are heavy.
Neutralinos
There are ten neutralinos in the spectrum. The neutralino mass matrix in the basis
where
With the superpotential and the parameter ranges used, the lightest neutralino is dominantly a singlino with a relatively largeW 0 R component. However the composition of the lightest neutralino depends crucially on the form of the superpotential. Terms of the form M S S 2 and λ S S 3 are gauge invariant and could be added to the superpotential if there are no additional symmetries that would forbid their existence. These terms contribute to the mass of the singlino-dominated state and may easily make it heavier than the lightest gaugino-dominated state.
The lightest gaugino-dominated state is mostlyW 0 L . Since the bino mixes with the neutral components of the fermionic triplets∆ c and∆ c , and the mixing termsB∆ c and B∆ c are proportional to v R andv R , respectively, even if the bino mass M 1 is the lightest gaugino mass, through mixing the bino dominated states will be heavier. If |M 2L | < |µ eff |, theW 0 L is the second lightest neutralino (with mass slightly below |M 2L |), otherwise the bidoublet higgsino would be second lightest, with a mass ∼ |µ eff |. For the case BP1 the average compositions of the lightest neutralinos and charginos are given in Table 4 . The results for the BP3 case are essentially the same. The average masses and compositions (for BP2) of the lightest neutralinos and charginos are given in Table 5 . With these parameters the charginos and neutralinos are lighter and the bidoublet states decouple and do not mix with the triplets or right-handed gaugino states as much as in BP1 or BP3 cases.
With our parameter choices for BP1 and BP3 benchmarks, the second lightest neutralino is more than 200 GeV heavier than the lightest one. This means that both of the channelsχ 0 2 →χ 0 1 Z andχ 0 2 →χ 0 1 h are kinematically open. In the case of benchmark BP3 the channels ττ and νν may be open if the stau or sneutrino are light enough. TheW 0 Ldominated state will dominantly decay to these channels if it is not the NLSP since the largest components inχ 0 1 do not couple to W 0 L . In the case BP2 both the lightest and the second lightest neutralino masses are smaller than in the benchmarks BP1 or BP3. In this case the mass splitting is often around 100 GeV so thatχ 0 2 →χ 0 1 h is not allowed on-shell. when that occurs, the dominant decays from NLSP to LSP would be the three-body decays χ 0 2 →χ 0 1 ff . The different neutralinos and charginos production in this model can give interesting signals at the LHC [65] .
Sleptons
The slepton masses depend on the benchmark chosen. While the right-handed ones need to be heavier to generate a large doubly charged Higgs mass, the left-handed sleptons can be light in the BP3 scenario, as in Table 2 . The sneutrino masses are largely determined by the soft slepton masses. For benchmarks BP1 and BP2 sneutrinos are heavy, whereas in BP3 case the lightest sneutrino mass typically varies between (350 -700) GeV. Hence for benchmark BP3 the left-handed sneutrino may be the second lightest neutral superpartner. If the sneutrino is the NLSP it will dominantly decays to ν Lχ In this section we discuss the light SM like Higgs boson, H 0 1 decays into the SM final states: ff , W W, ZZ, γγ and gg, where last two decay modes are at one loop level. As evident from the discussion in Sec. 2, the observed scalar at the LHC would have to be a superposed state of the many physical scalar degrees of freedom in the LRSUSY Higgs sector. Thus the decay properties of such a Higgs with mass at ∼ 125 GeV would crucially depend on its composition, which in turn would give us an insight on the parameter space of the model which allows the Higgs to behave as the one observed at the LHC. Note that the partial decay widths for channels which would be affected directly by new particles in the spectrum and that can couple to the Higgs boson are the loop induced decay modes, namely H 0 1 → g g, γγ, Zγ. The gg mode will be only affected through colored particles appearing in the loop. As current limits on the supersymmetric colored states from direct searches at the LHC are quite strong, they would be quite heavy and therefore should not affect the H 0 1 → g g partial width. This is also reflected in the parameter choice that we assume. However, the γγ, Zγ modes are definitely affected by the particles unique to the LRSUSY particle spectrum, such as the charged scalars (singly/doubly) and fermions and will play a major role. Note that a somewhat slight discrepancy in the Higgs observation is seen in the γγ mode, though reduced in the new CMS data [7] , makes the aforementioned contributions in this model all the more worth considering.
H 0 1 → γγ
The H 0 1 → γγ decay is a loop process involving the exchange of spin 0, 1/2, 1 particles in the loop. In our case, in addition to the SM contributions (mainly coming from top and W boson loop) we add contributions from charginos (lightest and second lightest states), both lighter and heavier staus, stops, sbottoms, singly and doubly charged Higgs bosons. The introduction of doubly charged Higgs boson is very crucial as this can lead to non-trivial contribution to this partial width simply because of its enhanced electromagnetic strength. The most general expression for Γ(H → γγ) [66] [67] [68] in the presence of spin 0, 1/2 and 1 particles is given by:
where, f, V, S stands for fermions (t, b, τ,χ
SS represent the Higgs couplings with fermions (f ), SM gauge bosons (W ± ) and with scalars (S) respectively, α is the finestructure constant, N c,S = 3(1) for quarks, squarks (leptons, sleptons, singly and doubly charged scalars), Q f,S and m f , M S are the electric charge and mass of the fermions and scalars respectively in the loop.
, where i represent fermion, vector and scalar particles as mentioned above.
The relevant loop functions are given by
3) 4) and the function f (τ ) is given by
. 
where the Higgs boson couplings to f, V, S are explained before. Here, g Zff , g ZW W and g ZSS represent Z boson couplings to f, W ± , S respectively. We define,
, where i represent fermion, vector and scalar particles as defined for H 0 1 → γγ decay process. The corresponding loop-factors are given by
The functions I 1 and I 2 are given by
where the function f (τ ) is defined in Eq. (4.5), and the function g(τ ) is defined as
4.3 H 0 1 → XX The partial widths of the decay modes which proceed via tree level sub-processes will also vary and mostly depend on the choice of the different parameters of the LRSUSY model which govern the composition of the ∼ 125 GeV scalar boson as discussed in Sec. 2. This in turn would modify its coupling to the fermions and weak gauge bosons and affect its respective partial decay widths.
The superpotential has a term of the form Y u Q L Φ 1 Q R . Hence the coupling of φ 0 2 to b-quarks is proportional to the top Yukawa coupling. Whenever the SM-like Higgs has a sizable φ 0 2 -component the Higgs coupling to b-quarks is altered significantly. Depending on the relative sign between the components in the eigenvector, the coupling may either increase significantly or become close to zero (or change sign).
At tree-level the mixing between {φ 1 , χ 2 } and {φ 2 , χ 1 } is zero [47] . Hence the admixture of φ 0 2 in the SM-like Higgs boson comes entirely from loop corrections. The dominant contribution comes from third generation quark and squark loops. The contribution of these diagrams is proportional to the product of top and bottom Yukawa couplings. This product, and hence the mixing element, is large at large values of tan β. The mixing effect is significant when the second lightest Higgs is non-decoupled, which happens at values of tan δ close to one.
Since h → bb is the dominant decay mode, a substantial change in this coupling will change all other branching ratios. Hence there is an anti-correlation between the h → bb signal strength and all other signal strengths. The effect is so strong that it leads to a strong correlation between all other signal strengths. We highlight this behavior in the next section when we discuss the fit to the Higgs data from our parameter scans. The corresponding correction for the Higgs-τ coupling is proportional to the neutrino Yukawa coupling and is hence smaller. Thus the Higgs-τ τ coupling is close to the Standard Model prediction. Since φ 0 2 = 0, there is no three-point coupling for φ 2 and vector bosons, and when the SM-like Higgs has a sizable φ 2 -component, the couplings to vector bosons will be suppressed.
Implications for model parameters
The detailed discussion on the left-right supersymmetric spectrum in Sec. 3 gives us an idea of the parameters that could directly play a significant role in Higgs physics. Therefore we set a number of free parameters to fixed values as shown in Table 1 and perform random scans over the ranges of the input parameters shown in Table 2 . We divide the choice for fixed values and the corresponding scans into three benchmark points while we have ensured that the current limits on supersymmetric particles are respected through all the scans. We also make sure that one of the Higgs mass is always within 122 GeV < M h < 128 GeV and compare its properties to the scalar resonance that has been observed at the LHC.
As the LHC experiments have not observed any signal indicative of beyond the SM physics, the most stringently constrained sector in almost all extensions of SM is the strongly interacting sector. Therefore we cannot choose very light squark and gluino masses which would be ruled out by experimental data. Note that we have chosen our parameter space as shown in Tables 1 and 2 where the gluino mass as well as the squark masses are around ∼ 1 TeV. A large mixing in the third generation is however still allowed to give a significant splitting for the stop mass eigenstates. In addition, the SU (2) R breaking scale is also strongly constrained from direct searches for right-handed gauge bosons (W R , Z R ). We have therefore chosen v R to be sufficiently large to evade the existing mass bounds on such gauge bosons at the LHC. For the remaining parameters we make sure that our model spectrum is consistent with these experimental constraints [73] :
• Lower limits on superpartner masses from LEP and the 7 & 8 TeV run of the LHC.
• Low energy flavour physics processes :
The superpartner masses are controlled by the choices of soft mass parameters and the µ-parameter. We also require the lightest neutralino to be heavier than m h /2 so that invisible Higgs decays are kinematically forbidden.
The flavour constraints are taken care of by requiring m A > 300 GeV and limiting tan β from above. The lightest charged Higgs contributes to b → sγ but in supersymmetric models the contribution from the chargino cancels partially that of the charged Higgs. The mass of the charged Higgs follows closely the lightest CP-odd Higgs mass as can be seen from Fig. 2 . The reaction B s → µµ is mediated by the lightest CP-odd Higgs. That contribution is at largest at large values of tan β. On the other hand, as discussed previously, the Higgs coupling to b-quarks is often altered at large tan β so much that it would be experimentally excluded.
We analyze numerically the various Higgs decay modes in our model and study to what extent they differ from the SM predictions. The enhancement or the suppression over the SM can be studied using the signal strengths (R XX ), defined as the Higgs production cross section times the branching ratio, normalized to the SM value:
Here σ(pp → h) gives the on-shell production cross-section of the Higgs boson. For the Higgs production modes, we have considered gluon-gluon fusion (gg) and the associated vector boson production (V H), where V stands for W or Z boson. While for most of the decay channels, gg production mode is considered, we use the V H mode for bb and τ + τ − final states. The Higgs production cross-section through gg fusion is calculated both in the LRSUSY and in the SM, using the publicly available package HIGLU [74] , at LHC with the center of mass energy, √ s = 8 TeV. As the cross section for the Higgs production implemented in HIGLU is for the SM, we calculated the effective coupling strengths in the LRSUSY model and obtained the cross sections by modifying the strengths in the HIGLU code. The partial decay widths evaluation for the Higgs is done using another publicly available package HDECAY [75] . A similar technique to what was done in HIGLU is used here too to get the partial widths in the LRSUSY model. However, the loop induced decay modes, h → γγ and h → Zγ involve new particles modifying the loop amplitudes, and here we used our Fortran code. Note that HIGLU includes the QCD correction while calculating the Higgs production cross-section. Any explicit implementation of QCD or EW corrections are not taken into account in calculating the partial decay widths of H 0 1 → γγ or H 0 1 → Zγ modes. However, we expect that the EW contribution to these decays will be the same as in the SM and thus cancel out when we consider the signal strengths. Table 6 . It is worth mentioning here that we found that there exists enough model (LRSUSY) parameter space within the 2σ limit of the ATLAS and CMS results of Higgs signal strengths. To illustrate our findings, we can choose either the CMS or the ATLAS results. The generic features of the fit would remain very similar and a definite shift is found in the allowed parameter space when using the ATLAS data as the central values and the associated errors for the different channels in the two experiments do allow for a wide range of signal strength values. However there is a definite overlapping region of the parameter space which is common and satisfies data from both experiments. As an extension of our findings and for better understanding of the model, we first study the variations of few of the relevant sparticle masses with tanβ, for which the signal strengths R W W * and R γγ are simultaneously within the 2σ error bar of CMS result (see Table. 6). We do this for all the three benchmark points to study the parameters that would affect the signal strengths in a significant way.
We choose the R W W * and R γγ results, since these provide the most stringent bound on the parameter space. In Fig. 3(a) , we show the allowed values for the mass of the doubly ≡ a δ c++ +bδ c++ , the coupling between the SM-like Higgs and the doubly charged Higgs is
The lighter state is almost the symmetric combination with values around a = 0.73 and b = 0.69. Hence the term a 2 − b 2 is quite small. At large or even moderate values of tan β, the value of sin 2β is small so the coupling will be quite limited. This leads to an interesting observation in the LRSUSY model. We find here that the doubly charged scalar contribution is therefore comparatively less than that of the singly charged scalars in both H → γγ and H → Zγ processes, simply because the h − H ±± − H ∓∓ coupling is weaker than h−H ± −H ∓ coupling. A relative suppression at the level of relative coupling strength is found to be g hH ±± H ∓∓ /g hH + H − ≈ 1/20 and this makes the doubly charged contribution substantially smaller than singly charged one. This behavior is completely opposite to Type-II Seesaw models [76] [77] [78] , where the largest contribution to these one-loop processes comes from the virtual exchange of doubly charged scalars.
Due to the form of the tree-level bound it is very difficult to have a Higgs mass around 125 GeV when tan β is close to 1, where the coupling between the Higgs and doubly charged Higgs bosons would be large. Therefore an indirect dependence on its mass can be obtained as a function of tan β here. As discussed in Sec. 3, a large value of the soft parameter (M˜ ) R helps in raising the doubly charged Higgs mass through radiative corrections, to above its current experimental limits of 200 GeV, provided it decays with 100% probability into τ ± τ ± . We also note that the upper limit of the range over which this parameter is scanned for benchmark BP3 is much lower than that for the other two benchmark points. Thus we find that much lighter doubly charged scalars are preferred and also satisfy the CMS data. Very similar feature is observed for BP1 and BP2 cases, but as the scan range over (M˜ ) R is for larger values, we also get heavier doubly charged states in the spectrum for these benchmark points. In Fig. 3(b) we show the lightest chargino mass as a function of tan β. In this case, there is a dependence on tan β as seen from Eq. 3.1. However the dominant parameter is the value for parameters M 2 and µ ef f which set the upper limit of the lighter chargino mass to ∼200 GeV for BP2 and ∼500 GeV for BP1 and BP3 scenarios respectively, and we observe that the bounds from Higgs signal strengths allow almost all the available mass region. This is illustrated for BP3 case in Fig. 3 (b) . In Fig. 4 we show the variation of lighter singly charged Higgs boson mass with tanβ as well as the lightest stau (τ 1 ) mass for the benchmark point BP3. It is important to note that, while for BP1 and BP2 cases, the lighter singly charged Higgs mass can vary from 300 GeV to 650 GeV, it is in the range 320-450 GeV for BP3 scenario. As discussed before, and also seen in Fig. 2 , a large tan δ value yields a lighter singly charged scalar in the spectrum. This is the case in BP3 where the scan runs over larger values of tan δ. We checked for the consistency of such light charged scalars with flavour physics constraints and we find that the Higgs data gives a much weaker constraint compared to flavour physics limits, which we include. We also find that a much lighterτ 1 is allowed, consistent with our choice of parameters for benchmark BP3, and the Higgs data does not constrain them very much either. Note thatτ 1 is significantly heavier for the other benchmark BP1 and BP2 due to the parameter choice for the scan of the slepton soft mass parameters. Thus we find that a large region of the parameter space in the left-right supersymmetric scenario still survives when confronted by the Higgs data at LHC. Light singly-and doubly-charged scalars, sleptons (benchmark BP3) and charginos (benchmark BP2) are all viable and agree with the Higgs signal strengths. Of course when one considers the parameter scan, it is also imperative to view the scan where the SM coupling strengths are not altered by large values. There can be two ways of achieving this. The most likely case would be the case where the SM sector is completely decoupled and none of the supersymmetric particles contribute to the Higgs decay. The other and more interesting option would be to consider the non-decoupling scenario, where the supersymmetric particles conspire in their contributions to give similar coupling strengths as the SM Higgs. This would mean that a light left-right supersymmetric spectrum would still coexist and is waiting to be discovered at the LHC.
It is therefore interesting to check the presence of the LRSUSY model even if the Higgs coupling is almost SM like. Therefore, for illustration purposes, we set the lightest CP-even Higgs couplings to all SM particles within 2% of the SM value and calculate the Higgs signal strengths 3 . We analyze this by studying the allowed parameter space only for benchmark point BP3. A few things worth noting here is that although the htt and hW W couplings are not affected at all throughout the scan, the hbb is affected significantly, as discussed earlier. So we find this to be the dominating factor in allowing only a 2% shift. As can be seen from Fig. 5 , there still exists a strong possibility of having a light LRSUSY spectrum, even if the Higgs couplings are very close to the SM values. The blue points in Fig. 5 show that quite a significant parameter range of LRSUSY which is light and can modify the Higgs decays to conspire and give SM like strength for the ∼ 125 GeV scalar state for the observed decay modes. Or it is equally possible to have these light states which do not shift the Higgs couplings by large amounts but will show up in other complementary channels through direct production at the LHC running with high enough luminosity.
We now focus on the signal strengths that we obtain through our scan over the different parameters in the LRSUSY model. Figs. 6 and 7 show the correlations among the various signal strengths. The scanned parameter points in the LRSUSY model are shown in red. The black solid triangle represents the best-fit point of the ATLAS Collaboration, with the patterned blue and magenta patches showing regions of 1σ and 2σ uncertainty respectively, while the black circle denotes the best-fit value of the signal rates predicted by the CMS Collaboration with the solid green and yellow patches show the 1σ and 2σ uncertainty around it, respectively. In Table. 6, we give the experimental values of the signal rates for different Higgs decay channels with the corresponding center of mass energy and integrated luminosity. When compared to the mass plots which only use the CMS data, we do find that there exists a much extended parameter space for the LRSUSY model which is allowed by current Higgs data. The ATLAS results in fact give a much larger acceptance for the parameter space when compared to the CMS. We find regions where the couplings are consistent with the SM values as well as regions where they can significantly vary and modify the signal strengths beyond the SM expectations. Note that both R W W and R ZZ are almost linearly correlated to R γγ . However that is not the case when one considers the R bb shown in Fig. 7 . We find that R bb is anti-correlated to all the other signal rates, as also evident from Fig. 7 . This is simply because the Higgs boson decays mostly into bb final states and hence the total decay width is dependent sensitively on the partial decay width Γ(H → bb). Hence, an increase in bb branching ratio will effectively reduce the branching ratios of sub-dominant decay channels. All the other rates show strong correlations among each other. Hence, we see that our model provides a large parameter space greatly consistent with the present LHC data. With the LHC expected to run with greater energy and gather data with higher integrated luminosity, it is quite clear that it will also be able to measure the Higgs signal in other channels which it could not at the √ s = 7 and 8 TeV. One such mode would be the remaining loop mediated decay channel Zγ. As the LRSUSY model also affects that mode, similar to the γγ, we present the expected correlation between the signal strengths of the Higgs in the two modes R γγ and R Zγ at the 14 TeV run of LHC in Fig. 8 for the benchmark point BP3.
At the next run, LHC at 14 TeV with 300 fb −1 luminosity, the decay H → γγ is expected to be measured with an accuracy of 10% [79, 80] . With such precision, our restrictions for the parameter space of the LRSUSY model will tighten considerably. In anticipation, we illustrate in Fig. 9 for BP3 the range of low lying LRSUSY weakly (left panel) and strongly (right panel) interacting masses as a function of tan β imposing the signal strengths µ(gg → H → γγ) to be measured with a precision of 10%. Among weakly interacting particles (charged Higgs bosons, charginos and staus), besides the LSP, the lowest lying particle is the doubly charged scalar, whose mass can be as light as (200-300) GeV, while the heaviest one is theτ 2 with the mass in the range (450-600) GeV. All these particles will be easily accessible at the early run of the 14 TeV LHC. On the other hand most of the strongly interacting particles (stop and sbottom) are heavier, falling in the (1-1.4) TeV mass range. From these two figures, it clear that the mass spectrum is almost independent of variations in tan β. Note that we did not use measurements on other Higgs signal channels as they have uncertainties larger than 20%. 
Conclusions
In this paper we studied the implications of different Higgs signal strengths as measured at the LHC on the parameter space of the left-right supersymmetric model (LRSUSY), especially on the Higgs, chargino and neutralino and scalar lepton sector. The LRSUSY models are based on by enlarging the standard model (SM) gauge group to SU (3) C ⊗ SU (2) L ⊗ SU (2) R ⊗ U (1) B−L . The gauge structure and particle contents of this model are such that it can generate the tiny masses for neutrinos as well as solve the strong and the EW CP problems. This model predicts a plethora of new particles, among them the most important ones are singly and doubly charged Higgs bosons and higgsinos, which play crucial role in the one-loop mediated Higgs boson decay in γγ and Zγ channels. We presented a complete description of this model and chose certain benchmark points by fixing some basic parameters of the model, while scanning over some other relevant parameters for the study of the Higgs bosons decay patterns. It turns out that the lightest Higgs boson, whose mass is close to 125 GeV and the lighter charged scalars are mostly components of the Higgs SU (2) bidoublet, while the right handed SU (2) triplet yields the doubly charged scalar. In our analysis we assumed that the decay H ++ → τ + τ + dominates, while other decay modes are negligible, and this allowed us to adopt the lower limit of 200 GeV for the doubly charged Higgs boson masses, in agreement with limits obtained at the LHC.
We estimated several Higgs signal strengths, defined as R XX , in this model. For these, we selected a particular benchmark point, namely the BP3 and commented on changes expected by adopting BP1 or BP2 benchmarks. For the BP3 benchmark, we calculated explicitly the R XX values and then compared with the experimental values quoted by both ATLAS and CMS for √ s = 7 TeV and 8 TeV at 2σ precision. We found that sufficient LRSUSY model parameter space survives within the 2σ limit. To illustrate our findings, we considered either CMS or ATLAS results. Among the different channels, we emphasized mainly R W W * and R γγ results, as these two are the most accurate and thus provide the most stringent limits on the parameter space.
In this scenario the one-loop mediated process, like H → γγ and H → Zγ, receive new contributions from doubly charged scalars and doubly charged higgsinos in addition to other supersymmetric particles. It is interesting to note that here the doubly charged scalar contribution is less than that of the singly charged scalars in both H → γγ and H → Zγ processes, simply because the h − H ±± − H ∓∓ coupling is weaker than h − H ± − H ∓ coupling, with a relative suppression of ≈ 1/20 which makes the doubly charged contribution substantially smaller than singly charged one. This behavior is completely opposite to Type-II Seesaw models, where the largest contribution to these one-loop processes come from the virtual exchange of doubly charged scalars. Hence, perhaps this feature can be used to distinguish this model from other models which also include doubly charged scalars.
We also showed correlations (anti-correlations) among different R XX values of the Higgs signal strengths by taking into account both the ATLAS and CMS experimental results at 1σ and 2σ level. In particular, we found a nice correlation between R V V and R γγ , with V = W ± , Z. Our model predictions for these Higgs signal strengths in the BP3 benchmark showed good agreement with both the ATLAS and CMS at 2σ level, each of which could be matched individually, but not simultaneously, at 1σ level. This effect can be understood from the large difference between the experimental central values and the corresponding error bars.
The Higgs boson total width comes mainly from the Higgs partial decay width into bb final states, as expected, and this decay width is responsible in controlling patterns of R γγ . We have showed that there is clear anti-correlation between R γγ and R bb as well as between R τ τ and R bb . This is explained from the fact that any increase in the partial width of H → bb would lead to a suppression in the partial widths of the Higgs boson into other channels, namely into γγ and τ + τ − final states. Once again for benchmark BP3, we showed that clear overlap regions are allowed at 2σ level from both the ATLAS and CMS experimental data on R γγ , R bb and R τ τ .
Assuming the fixed parameters from Table 1 for BP3, we finally predicted the low lying weakly and strongly interacting mass spectrum for the LRSUSY model if the decay width H → γγ would be measured at the level of 10% at 14 TeV LHC run with 300 fb −1 luminosity, as it is expected. We hope that some of these low lying particles will be seen and explored at the early run of the 14 TeV LHC.
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